
CLAIMS 

The invention is limited only as defined in the following claims and equivalents 

thereof. 

We claim: / 

M . A device to measup gate critic^Kaimension (CD) in different positions on a v? 3 
semiconductor wafen^ai^fevice comprising: I ^ ^ 

an oxide layer or similar/insulating layer deposed on a silicon wMer; 
H a polys$wn layei^o™ layerofar^ materials as 

used W similajno those used to manufacture transistor gates, henceforth referred to as 
the "gate" layer, deposed on the oxide or insulating layer, patterned to form resistors 
and other shapes; and 

a grid, where each site contains copies of several resistors, each with surrounding 
shapes composed of the same materials as the resistors. 



2. The device in claim 1, wherein said resistors and surrounding features correspond to 
gates that are likely to be found in an integrated circuit (IC) layout, as defined by the 
physical design rules; wherein each resistor has specific features, such as, but not 
limited to: \s \ I ^ 




a specified orientation (|or example, put not limited to vertical, horizontal, 45 
degree orientations); and 

a neighborhood of other features cfcjnposed of the same material and created with 
the same fabrication steps (for example, but not limited to nearby features with a 
specified distance to the resistor, possibly differentiating between features to the 
north, south, east, and west of the resistor). 



A method for labeling all gates in a specific integrated circuit (IC) Jayout, according 
to any or all of the featur es bel ow: 

A. classifying all gates in the said layout of a circuit depending on orientation (for 
f example, mat not limited to vertical, horizontal, 45 degrees orientations); 
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^lhgates in a circuit design with a physjcaj^^m ^ependi ng on their 
'ighbo^sa i.e. set of nearby featuresjnjh^^ 
example, J^t net-limited to distance to nearest neighbors and more distant 

and/or a complete description of the neighborhood, as defined by a 
physical distance to other features); and 
C. classifying all gates in a circuit design within a physical layout/ciepending on the 
/Telatiyefpositions of neighboring structures in the same layer of the layout (for 
f examplejeast vs. west neighbors, north vs. south neighbors, and/or a complete 
oescriffnon of the neighborhood, as defined by physical distance and location of 
adjacent structures with respect to each said gate). 

A method for determining the most frequent gate categories in a specific integrated 
circuit (IC) layout, said method including steps of: 

A. labeling affgates according to the method of claim 3; 

B. determining the number of gates in each category in step A; and 

C. selecting the categories with the largest number of gates. 

A device to measure gate critical dimension (CD) in different positions on the 
semiconductor wafer, saki device comprising: 

an oxide or similar insulating layer deposed on a silicon wafer; s ,f \/t ^ 
a polysili^Hayer, or a layer of any other material or set of st^ps and materials as 
used or similar/o those used to manufacture transistor gates, referred to as the "gate" 
layer, deposed on the oxide or insulating layer, patterned to form resistors and other 
shapes, wherein said resistors and surrounding features are selected to correspond to 
the most frequent features in a specific integrated circuit (IC) layout, according to the 



method of claim 4; ^nd 
a grid, where each s 
shapes composed of the same materials as the resistors. 



a grid, where each site contains copies of several resistors, each with surrounding 




p in claim 1, 2, or 5, said device further comprisingjjietector containing 
composed of polysilicon and/or other materials, as needed to connect to 
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each resistor, two on each end, to be measured by attaching (a) a current generator for 
applying a current through each resistor and (b) a voltage meter for measuring the 
voltage across each of the resistors and wherein the measured voltage is used to 
calculate the resistance and width (CD) of each resistor. 

7. A device to measure gate critical dimension (CD) in different positions on the 
semiconductor wafer, said device comprising: 

transistors and other shapesv'wKgT^in said transistors and surrounding features 
correspond to gates that are likely to he found in an integrated circuit (IC) layout, as 





ft 



y the physical designates; wherein each transistor has specific features, 
but not limited to (a) a specified orientation (for example^ but not limited to 
Sal, horizontal, 45 degree orientatio£sX an dlW>a neighborhood of other features 
composed of the same gate materials/(for example, but not limited to nearby features 
with a specified distance to the transist^4MiSsiblyaifferentiating between features to 
the north, south, east, and west of the transistor); and 



a grid, where each site contains copies of several transistors, each with 
\ v surrounding shapes. 



8. A device to measure gate critical dimension (CD) in different positions on the 
semiconductor wafer, said device comprising: 

transistors and other shapesrsvherein said transistors and surrounding features 
correspond to gates trait are likelywbe found in an integrated circuit (IC) layout, as 
defined by the physical desig n rifles; wherein said transistors and surrounding 
features are selected to correspond to the most frequent feature^n a specific 
integrated circuit (IC) layout, according to the method of claim 4; and\ 
^ a grid, where each site contains copies of several transistor^^acjrwith 

? surrounding shapes. 



N>. A method for representing the gate critical dimension (CD) within an^optical fiel^on 
a semiconductor wafer, said method including the steps of: 
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fabricating a collection of semiconductor wafers including multiple copies of the 
device of cl§im 6, according to theT lithographic ^and manufacturing procedures as 





v 



used fof'printirjg/me "gate" layer anfrotherrelevant steps of other integrated 
circuits^ 

B. measuring the device by (a) attaching a current generator for applying a current 
through each resistor and (b) attaching a voltage meter for measuring the voltage 
across each of the resistors, to find the GBibr eabh resistor, where each resistor is 
labeled according to position within the optical field (x,y), category (cat), and 

cr 1 ) instance (i), to produce a data set with \We§X©(x,y,cat,i); and 

C. representing the gate critical dimension within a optical field as CD(x,y,cat) by 
averaging values for each instance. 

10. A method for representing the gate critical dimension (CD) within a optical field on a 
semiconductor wafer, said method including the steps of: 

A. fabricating a collection of semiconductor wafers including multiple copies of the 
device of clairn 6, according to manufacturing procedures used for other 
integrated circuits, except varying the ^thographi^ procedures for printing the 
"gate" layer (focus, exposure settings* for example) to include conditions 
representing manufacturing extremes according to an experimental design, as 
would be understood by those skilled in the art; 

B. measuring the device by (a) attaching a current generator for applying a current 
through each resistor and (b) attaching a voltage meter for measuring the voltage 
across each of the resistors, to find the CD for each resistor, where each resistor is 
labeled according to position within the optical field (x,y), category (cat), and 
instance (i), to produce a dataset with values CD(x,y,cat,i); and 

C. representing the gate critical dimension within the optical field as CD(x,y,cat) by 

A 

^ 1 averaging the values for each instance, or by applying a weighted averaging 
v technique. 



A method for representing the gate critical dimension (CD) within an optical field on 
a semiconductor wafer, said method including the steps of: 
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A. fabricating a collection of semiconductor wafersinehithng-multiple copies of the 
device of claii^i 1, 2, 5 J77^r8^ccording to th^htho^^ic and manufacturing 
procedures as uWjGo/^rinting \mt "gate" layer and^Eher relevant steps of other 
integrated circuits, untH-GOflipletion of patterning of the "gate" layer; 

B. measuring the CD of each instance of each gatpor resistor with s^pdaidjnethods 
apparent to those of ordinary skill in the artj(i.e v optical technique^ where each 
measurement is labeled according to the position within the optical field (x,y), 
category (cat), and instance (i), to produce a data set with values CD(x,y,cat,i); 
and 

C. representing the gate critical dimension within the optical field by averaging the 
values for each instance. 



12. A method for representing the gate critical dimension (CD) within an optical field on 
a semiconductor wafer, said method including the steps of: 

A. fabricating collection of semiconductor wafers including copies of the device of 
claim L 2, 5, 7, or 8, according to manufacturing procedures used for other 
integrate^cimuits^^aMil completion of patterning of the "gate" layer, except 
varying the ltthog^hic procedures for printing ihe "gate" layer (focus, exposure 
settings, ^exkm ^le^ include conditiohsj ^resenting manufacturing extremes 
according to an experimental design, as would be understood by those s killed in / 




B. measuring the CD of each instance of each gather resistor with standard methods 
apparent to those^iflordinary skill in the art (i.e. optical techniques), where each 
measurement is labeled according to the position within the optical field (x,y), 
category (cat), and instance (i), to produce a data set with values CD(x,y,cat,i); 
and 

C. representing the gate critical dimension within the optical field as CD(x,y,cat) by 
averaging the values for each instance, or by applying a weighted averaging 
procedure. 
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13. A method for representing the gate critical dimension (CD) within a optical field on a 
semiconductor wafer used for fabrication of an integrated circuit, said method 
including the steps of: 

A. fabricating a collection of semiconductor wafers using the standard procedures 
used for producing multiple copies of an integrated circuit product, until 
completion of patterning of the "gate" layer; 

B. partitioning the optical field into segments, labeled by position (x,y), and 
identifying representative gates corresponding to each category (cat); 

C. measuring the CD of each instance of each representajive-gate with standard 
methods apparent to those of ordinary skill in the art (i.e. optical techniques), 
where each measurement!^ the optical field 
(x,y), category (cat), and instance (i), to produce a dataset with values 
CD(x,y,cat,i); and 

D. representing the gate critical dimension within the optical field as CD(x,y,cat) by 
averaging the values for each instance. 



14. A method for representing the gate critical dimension (CD) within a optical field on a 
semiconductor wafer used for fabrication of an integrated circuit, said method 
including the steps of: 

A. fabricating a collection of semiconductor wafers using the standard procedures 
used for producing multiple copies of an integrated circuit product, until 
completion of patterning of the "gate" layer, excepLyarying 
procedures fo^rintmg the "gate" layer (focus, Wposure settings, fOTexample^tb 
include conditions representing manufacturi ng e^em^ s^gQLdingJo^ 
experimental design, as would be understood by those skilled in the art; 

B. (partitioning the optical field into segments, labeled by position (x,y), and 
identifying representative gates corresponding to each category (cat); 

C. measuring the CD of each instance of each representative gate with standard 
methods apparent to those of ordinary skill in the art^i.e. cjptical technicmeis), 
where each measurement is labeled according to position whhinAe-tfptical field 
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(x,y), category (cat), and instance (i), to produce a dataset with values v 
CD(x,y,cat,i); and ^ 
D. representing the gate critical dimension within the optical field as CD(x,y,cat) by 
averaging the values for each instance, or by applying a weighted averaging 
procedure. 



15. The method of claim 9, 10, 1 1, 12, 13, or 14, further including steps of: 

A. calibrating (optimizing internal settings of) a lithography or process simulator to 
best approximate measured data, CD(x,y,catY and 

B. using the same settings to run the iithograpjay or proces^ simulatoi/tb obtain 
CD(x,y,cat) for categories not includedin the original dat 



16. The method of claim 10, 12, or 14, further including steps of: 

A. averaging the values of GD(x,y,cat,i) for each different setting of the lithographic 
equipment Ifocus, exposure) for example), to obtain CD(x,y,cat,setting); 

B. calibrating aTimograf^yw process simulator to best approximate measured data, 
CD(x,y,cat,settk 

C. using the same settings to run the lithography or process simulator to obtain 
CD(x,y,cat,setting) for categories not included in the original data set; and 

D. calculating CD(x,y,cat) for categories not included in the original data set by 
averaging CD(x,y,cat,setting), or by using a weighted averaging procedure. 



f 

17. A method for estimating circuit properties|(power, speed, yield, etc.), said method 

including the steps of: — - 

A. labeling all gates of a layout of the circuit by classifying gates by any or all of the 
following criteria to specify their category (cat): (i) orientation, (ii) neighborhood 
features within the same layer of the layout (ttbr example^but not limited to the 
distance to nearest neighbors and/or more distantneighbors), and (iii) relative 
positions of neighboring structures within the same layer of the layout (for 

J 

\example but not limited to east vs. west neighbors, north vs. south neighbors) and 
labeling all gates according to location in the optical field (x,y); 
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B. labeling the corresponding gates in the netlist according to category (cat) and 
location in the optical field (x,y); . 

C. finding the relation between gate length, L, in the netlist,)and CD, &s would be 
fHSlY^etennined by one sl dlledj n th&&rt; 

D. modifying the netlist by modifying L(x,y,cat) for each gate based on CD data, 
CD(x,y,cat), given any choice of CD(x,y,cat), dgtgr mined by a jnetho&apparent to 
^le^for dinarYj ^m^he art or by any of the methods of claims B, 10, 1 1, 12, j 

13, 14, 15, and 16/and where missing values of CD(x,y,cat) are detennined^via an 
inteipolation procedure; and 

E. inputting the modified netlist to standard software tools to estimate circuit 
properties (power, speed, yield/ etc.). 



8. A method for estimating properties (power, speed, yield,\ejc.)/of each cell in4 cell 
library and for creating a corresponding^io3eTof each ceilTfS a function of position 
(x,y) in the optical field, said method including the steps^of^ 

A. determining CD(x,y,cat) by a method apparent to one of ordinary skill in the art or 
by any of the methods of claims 9^10, 1 1, 12, 13, 14, 15, and 16; 

B. determining the maximum and minimum-values of CD(x,y,cat), for all values of x 
and y and all categories, and partitioning the range from the minimum to 
maximum values into segments; 

C. determining the corresponding sets of values, x and y, corresponding to each 
segment for each category; 

D. finding each set of values of x and y, with CD(x,y,cat) falling in the same segment 
for all categories, S(x,y); 

E. labeling all gates of a layout of the cell in the cell library by any or all of the 
following criteria to specify their category (caj)^-(i) orientation, (ii) neighborhood 
features within the same layer of the layoip (for example,put not limited to the 
distance to nearest neighbors and/or more aist^it4ieigIibors), and (iii) relative 
positions of neighboring structures within the same layer of the layout (for 
example, but not limited to east vs. west neighbors, north vs. south neighbors) and 
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labeling the corresponding gates in the netlist according to category (cat), while 
assuming neighboring cells which have assumed features at an assumed distance; 

F. finding the relation between gate length, L, in the netlist, and CQ, as would be 
peasily'determined by one skilled in the art; 

G. modifying the netlist corresponding to a cell in location S(x,y) by modifying 
L(cat) for each gate based on CD data, CD(x,y,cat), where missing values of 
CD(x,y,cat) are determined via an interpolation procedure; and 

H. inputting the modified netlist to standard software tools to estimate properties of 
each cell in the cell library (power, speed, yield, 'etc.) and to create the model of 



^ each cell in location S(x,y) with the assumed neighboring features. 

^ 19. A method for estimating properties (power, speed, yield, etc. | of each cell ip a cell 



X library and for creating a corresponding model of each ceftrlis a function of position 

v A' 

$y ( x >y) i R the optical field, said method including the steps 6fT\ 

A. ^labeling all gates of a layout of the cell in the cell libraryyusing the method of 
d labeling the corresponding gates in the netlist according to category 




)7while assuming neighboring cells which have assumed features at an 
assumed distance; 

B. varying L for each gate category according to ^experi mental d esign^ as 
practiced by one of ordinary skill in the art, and inputting the modified netlist to 
standardso^ware tools for each value of L to estimate properties of each cell in 
thefcell library)(power, speed, yield, Cc. » and 

C. generating a function (model) which represents the properties of each cell in the 
cell library (power, speed, yield, etc.) as a function of L for each category, using 
modeling methods known to those skilled in the art. 

L 20. A method for estimating circuit properties (power, speed, yieldietc.L said method 
including the steps of: 

A. creating models of all cells in a standard cell library as a function of position (x,y) 
in the optical field using the method of claim 18; 
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B. labeling all instances of standard cells in a circuit according to position (x,y) in 
the optical field; and 

C. inputting the location-dependent models to standard software tools to estimate 
circuit properties (power, speed, yield! etc.). J 

21. A method for estimating circuit properties (power, speed, yield, etc]), said method 
including the steps of: ^ 
A. labeling all gates of a layout of each of the cells in the celt library bya ny or all o f 
the following criteria to specify their category (cat): (i) orientation, (ii) 
neighborhood features within the same layer of the layout (for example, but not 
limited to the distance to nearest neighbors and/or more distant neighbors), and 
(iii) relative positions of neighboring structures within the same layer of the 
layout (for exampk/but not limited to east vs. west neighbors, north vs. south 
neighbors^andlabeling the corresponding gates in the netlist according to 
category (cat), while assuming neighboring cells which have assumed features at 
an assumed distance; 



B. creating models of all cells in the standard cell library as a function of gate length 



by varying L for each gatecategoryaccording to an experimental design, as 
practiced by^one of ordinar y skill in the art, inputting the modified netlist to 
standard software tools to estimate properties of each cell in the cell library 
(power speed, yield, eta) for each value of L, generating a function with 
/J'epreieiits-th^ for each gate category, 

' usin g mo delingmetho^ to those skilled in the artT^ 

C. labeling all instances of standard cells in a circuit ac5ontfng to position (x,y) in 
the optical field; 

D. determining L(x,y,cat) by creating CD(x,y,cat) by any method apparent to one of 
ordinary skill in the art or by any of the methods of claims 9, 10, 1 1, 12, 13, 14, 
15,/and~*6; "ancH$y finding the relation between £ate length, L, in the netlist, and 
CD; aswould be easily determined by one skilled in the art;luid\ 

/ 
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E. inputting the models from step A ijrto standard software tools to estimate circuit 
properties (power, speed, yield, /etcA which lookup corresponding values of 
L(x,y,cat) during model evaluation. 



22. A method for ^rearing the layout of an integrated circuit (IC) ctyp, said method 



>ctyp,; 

including the steps of: ^ " ' ^ -\ 

A. creating models of properties (area, speed, power, yield, kc^or each of the 
blocks of a circuit as a function of position using one of the methods in claims 17, 
18, 20, and 21; and 

B. inputting the models into a floor planning or other layout generation tool for use 

in the cost function, which guides layout generation. 

----- . - - ^ 

23. A method for increasing the speed of an integrated circuit (IC) chip by modifying the 
( layout, said method including the steps of: \ ^ 

A^creating models of speed for each of the cells and blocks of a circuit as a function 
of position using one of the methods in claims 17, 18, 20, and 21; 

B. inputting the models to standard software tools to determine the critical paths of 
the circuit; and 

C. laying out the circuit so that cells and blocks most strongly influencing the speed 
of the circuit are placed in locations with smaller CD, where speed is measured by 
inputting the models of each of the cells into a standard CAD tool for timing 
estimation. 



24. A method for redu6i^g the power dissipation of an integrated circuit (IC) chip by 
modifying the layout said method including the steps of: 

A. creating modem>f power dissipation for each of the cells and blocks of a circuit 
as a function of position using one of the methods in claim£ 17, 1 8, 20, and 21; ) 

B. inputting the models to standard software tools to determine the powe^dissipation 



of the circuit; and - - - 

C. lay^ that cells and blocks most strongly influencing the power 

I dissipation of the circuit are placed in locations with larger CD, where power 
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dissipation is measured by inputting the models of each of the cells into a standard 
CAD tool for power estimation. 

25/A meihod for increasing the yield of an integrated circuit (IC) chip by modifying the 
I layout, said method including the steps of: 

A. creating models of yield for each of the cells and>k$clcsrof a circuit as a function 
of position using one of the methods in claims 1J, 18, 20, and 21; and 

B. laying out the circuit so that cells and blocks with Jdwest-ydeld-afeplaced in 
locations with larger CD. 
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